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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL NOTE D-1143

ORBITAL PAYLOAD REDUCTIONS RESULTING FROM BOOSTER AND
TRAJECTORY MODIFICATIONS FOR RECOVERY
OF A LARGE ROCKET BOOSTER

By Alan D. Levin and Edward J. Hopkins
SUMMARY

An analysis was made to determine the reduction in payload for a
300 nautical mile orbit resulting from the addition of inert weight,
representing recovery gear, to the first-stage booster of a three-stage
rocket vehicle. The values of added inert weight investigated ranged
from O to 18 percent of gross weight at 1lift off. The study also included
the effects on the payload in orbit and the distance from the launch site
at burnout and at impact caused by variation in the vertical rise time
before the programmed tilt. The vertical rise times investigated ranged
from 16.7 to 100 percent of booster burning time.

For a vertical rise of 16.7 percent of booster burning time it was
found that a 50-percent increase in the weight of the empty booster
resulted in only a 1O-percent reduction of the payload in orbit. For no
added booster weight, increasing vertical rise time “rom 16.7 to 100 per-
cent of booster burning time (so that the spent booster would impact in
the launch area) reduced the payload by 37 percent. Increasing the ver-
tical rise time from 16.7 to 50 percent of booster burning time resulted
in about a 15-percent reduction in the impact distance, and for vertical
rise times greater than 50-percent the impact distance decreased rapidly.

INTRODUCTION

Recovery of the first-stage boosterl may be desirable when there are
frequent launchings of rocket vehicles and has been investigated by many
authors (e.g., see refs. 1 to 3). Recovery by any technique results in
a weight penalty which must be absorbed by the rocket vehicle. The weight
of the recovery gear that must be added to recover a booster successfully
means & reduction in the orbital payload and may result in unacceptable
payload reductions. For booster recovery, it is advantageous to reduce
the distance from the launch site to the point of atmosphere entry. One

lHereinafter the term "booster" shall mean the first stage of the
multiple-stage rocket vehicle.



method of reducing this distance, though at some loss in payload, involves
an increase in the burning time of the booster during vertical ascent
before the programmed tilt occurs.

The present investigation was undertaken to determine the reduction
of payloed that would result from the addition of inert weight to the
booster of a large three-stage rocket. A portion of the study was devoted
to the determination of the effect of varylng the ratio of vertical rise
time to booster burning time on the payloed in orbit and on the booster
distance from the launch site at burnout and at impact. Since the aero-
dynamic forces are small above about 100,000 feet, the impact distance
represents the maximum distance for which a glide capability would have
to be provided.

NOTATION
2
A reference area, E%—, ft2
Aj nozzle exit area, ft2 ’
D
Cp drag coefficient, —————— "
2
(1/2)pVe=A
D drag, 1b
d booster diameter, ft

F total external force, (Fp= + M2 + sz)l/a, 1b

g acceleration of gravity, ft/sec®

h altitude above the earth's surface, naut. mi. or ft
hn altitude at end of n seconds vertical rise, ft
Isp specific impulse, sec

1ift, 1b

lift-drag ratio

g vt o

instantaneous mass, slugs -

vehicle mass after n seconds burning time, m, - ﬁtn, slugs

-

initial vehicle mass, slugs
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m mass flow, slugs/sec

P ambient pressure, 1b/ft2

P nozzle exhaust pressure, 1b/ft2

Qe generalized force in Lagrange equation

Qy generslized coordinate in Lagrange equation

R radius of the earth, ft

r distance from earth's center to mass point, R + h, ft
s range traveled over earth's surface, ft

T thrust, 1b

T*E kinetic energy, slug-ftZ/sec?

t time, sec

tn burning time of n seconds vertical rise, sec
v absolute velocity, ft/sec

Ve relative velocity, ft/sec

Vn velocity at end of n seconds vertical rise, ft/sec
Wq added inert weight, 1b

We fuel weight required to inject payload, 1b

Wg basic gross weight plus added inért weight, 1b
Wp useful payload weight, 1b

We structural weight, 1b

W vehicle weight at time ¢, 1b

X,¥,2 Cartesian coordinates

ap thrust angle, measured from the relative velocity vector, positive
up, deg

B heading angle, measured from North, positive East, deg



We

flight-path angle, measured from the local horizontal, positive
up, deg

longitude, measured from the Greenwich meridian, positive East, deg
earth's mass times the universal gravitational constant, ft3/sec2
atmospheric density, slug/ft3

latitude, measured from the equator, positive North, deg

angular velocity of the earth, radians/sec
Subscripts

local horizontal component

initial conditions

sea level

radial component

transverse component (tangent to latitude)

meridian component (tangent to longitude)

METHOD OF ANALYSIS

Trajectory

An altitude 300 nautical miles sbove the earth's surface was selected

as the payload orbit. An IBM 704k digitel computer was used for the
anaelysis.

The basic assumptions made in regard to the present study were:
l. A three-dimensional, rotating, spherical earth

2. No atmosphere

3. 100-percent fuel consumption in stages 1 and 2

4, An impulsive injection of the payload into orbit

In addition to the basic assumptions listed above, the assumptions made in
regard to the equations of motion are presented in eppendix A.
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Launch and staging procedure.— The procedure used for the launch and
staging sequence throughout the analysis, except for the case of a vertical
rise time to booster burnout, was programmed as follows:

1. A launch from latitude 28.48° North, longitude 80.50° West, with
e vertical rise for a specified number of seconds

2. A1.0° impulsive tilt from the vertical in a due east direction
3. A constant thrust-vectoring angle to booster burnout

L4, Separation of the booster and second-stage ignition at the time
of booster burnout

5. A gravity turn to second-stage burnout

6. Separation of the second-stage and third-stage ignition at the
time of second-stage burnout

7. A third-stage gravity turn for 150 seconds
8. A coast to orbital altitude

9. Injection of the payload into orbit (restart of the third-stege
engine)

For the case of a vertical rise time to booster burnout, the constant
thrust-vectoring program was applied to the second stage. This then
omitted steps 3 and 5 as given above.

Vertical ascent program.- The ascent program used throughout the
analysis started with a vertical climb for the first n seconds of thrust-
ing. The velocity and altitude of the vehicle at the end of the vertical
rise portion of the trajectory were obtained from the equations of motion
presented in appendix A. This was done by holding the vehicle in a verti-
cal position throughout the required vertical rise time. This in essence
solved the relations given below, taking into account the change of Isp
with altitude.

t
m, n
Vn = 8olsp In El? —L g dt (l)

%=&é@<hn—%ln%>—ﬁ%@dt (2)



At the end of the n seconds vertical rise time, the flight-path a.ngle2
was decreased impulsively before the constant thrust-vectoring program
was initiated. A flight-path angle of 89° was the largest angle that
could be used, except for the vertical ascent portion of the trajectory.
At the end of the vertical rise, the velocity taken along the flight path
was the component of the vertical velocity (Vp sin 7). The trajectory
was then computed by the equations of motion presented in appendix A.

Parameter Variations

Inert weight, ranging in value from O to 18 percent of gross weight
at 1lift off, was added to the weight of the empty booster. The only
rocket vehicle characteristics changed were empty booster weight and the
gross weight which were increased by the added inert booster weight. To
analyze the effect of added booster weight, the ascent trajectory was
modified only by the changes required in the thrust-vector angle.® This
angle change was necessary to insure that the payload would be placed
into the 300 nautical mile orbit.

The study also included modifications to the trajectory by varying
the vertical rise time of the booster. The vertical rise times investi- P
gated were 16.7, 25, 50, 75, and 100 percent of total booster burning
time. This phase of the study also included the effects on payload in
orbit of added inert booster weight ranging in value from O to 18 percent
of gross weight at 1ift off.

A complete booster trajectory for the case of no added inert weight
was determined. The range covered from booster burnout to impact was
added to the range traveled from lift off to burnout to obtain the total
distance from the launch site at impact. The range was obtained from
equation (A3L4).

Drag and Impulsive Injection Analysis

To ascertain the effect of drag on the payload in orbit and on the
distance from the launch site, a constant velue of Cp = 0.5, based on
maximum cross-sectional area of the booster, was assumed throughout the
entire flight trajectory. The value of Cp was approximately 2—1/2 times
the integrated value for typical missiles throughout the range of veloc-
ities encountered by the booster, and represents the approximate peak '

2Measured from the local horizontal to the relative veloecity vector.

3The angle between the thrust direction and the relative velocity
vector, positive up.
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value of Cp for a missile at transonic speed. Using this value for

Cp, it was found that the error in impact distance was about 10.5 percent
for a vertical rise of 16.7 percent of total booster burning time, decreas-
ing to approximstely 1.5 percent for a vertical rise of 75 percent of
booster burning time. The effect of drag resulted in an error of less

than 1.5 percent on the distance from the launch site at booster burnout.
The effect of drag on the payload in orbit resulted in a maximum error

of less than 4 percent, and on this basis it was assumed that the no-
atmosphere assumption was Jjustified. However, range data were obtained

for both the no-drag and drag conditions.

In actual practice it is not possible to impulsively inject a payload
into orbit. However, it was found that the loss in altitude due to a
finite injection time resulted in a maximum error of less than 2 percent
in the prescribed orbitel altitude. Although to maintain a prescribed
altitude during the injection phase there would be a payload loss, the
loss was considered to be small since the maximum injection time was less
than 3.5 minutes. Therefore, the assumption of an impulsive injection
appears Jjustified.

Rocket Vehicle Characteristics

The characteristics of the basic three-stage rocket vehicle used
throughout the analysis are presented in table I. The weight values given
are for the individual stages and do not include any upper stage weight.
Calculated results are presented in dimensionless form since they apply
to any vehicle with all weights in the same proportion.

RESULTS AND DISCUSSION

Payload

The effects on the payload in orbit resulting from variations in the
vertical rise time of the booster and from the addition of inert weight
are presented in figure 1. With no added booster weight, variation of the
vertical rise time from 16.7 to 100 percent of booster burning time
resulted in a maximum reduction of 37 percent of the payload in orbit.
From the figure it can be seen that the rate of change of payload with
added inert booster weight decreased slightly with increasing vertical
rise time.

A first-order analysis of landing speed indicated that there would
be little advantage to adding more weight for wings than that equal to
about 50 percent of the empty booster weight (Wa/(Wg - W) = 0.0k), since
any further addition of weight would produce relatively small changes in
the landing speed. The addition of 50 percent of the empty booster weight
results in landing speeds ranging between 75 to 140 miles per hour,



corresponding to wing weights based on exposed area of 5 to 30 pounds per
square foot, respectively. A lift coefficient of 1.0 based on wing area*
was assumed in the analysis.

Range

The effect of the time of vertical rise on the distance from the
launch site at both booster burnout and impact is presented in figure 2.
The distances presented are for the booster with no added inert weight.
Two curves of distance from the launch site at booster impact are pre-
sented, one for no drag and the other for a Cp = 0.5 throughout the
entire booster trajectory. Since the effect of drag on the burnout dis-
tance was negligible, only the zero drag results are presented. It is
seen that because the burnout distance is small in comparison with the
impact distance, the effect of vertical rise time on the burnout distsance
is also small. However, increasing the vertical rise from 16.7 to 50 per-
cent of booster burning time resulted in about a 15-percent reduction in
impact distance, and for vertical rise times greater than 50 percent of
booster burning time, the impact distance decreased rapidly. It may be
further noted that for Cp = 0.5 the impact distance is about 10 percent
lower than in the no-drag case for a vertical rise of 16.7 percent of
booster burning time, decreasing to about 1.5 percent lower for a vertical
rise of 75 percent of booster burning time.

Shown in figure 3 1s the variation of the thrust-vectoring angle
required for placing the payload into a 300 nautical mile orbit. The
curves shown are for added inert booster weights from O to 18 percent of
the basic gross weight. These curves are shown only for vertical rise
times from 16.7 to 75 percent of booster burning time. The points pre-
sented for the vertical rise of 100 percent of booster burning time rep-
resent results for which vectoring was applied to the second stage instead
of the booster stage. From the figure it can be seen that the required
thrust-vector angle becomes excessively large with increasing vertical rise
time. Based upon present day rocket configurations which use a maximum
nozzle gimbling of about 10°, the vertical rise times would be limited to
about 38 percent of booster burning time for the case of no added inert
weight and to about 61 percent of booster burning time for an addition of
18 percent of the basic gross weight.

Ames Research Center
National Aeronautics and Space Administration
Moffett Field, Calif., Sept. 6, 1961

4Wing area included area blanketed by the booster. The plan form
assumed for the wing was triangular and had an aspect ratio of 2.0.
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APPENDIX A
EQUATIONS OF MOTION

The equations of motion used for the present investigation were
programmed on an IBM TO4 digital computer. The basic assumptions made
in obtaining the equations of motion were:

1. The earth and atmosphere rotate as one body.

2. The earth is a homogeneous sphere.

. The angular velocity of the earth is constant.
« The gravitastional field has an inverse square variation.

3
4
5. The atmosphere is that described in reference 4.
6

. The acceleration of the center of the earth is negligible.
DERIVATION OF EQUATIONS

The equations of motion for a poiut mass, located at a point P,
are presented using a spherical coordinate system. The geometry of the
coordinate system is presented in sketch (a). In this system ox, oy,
and oz are axes fixed in the earth, where
oxy 1s taken to be the equatorial plane; 7,
oz the polar axis; ozx the meridian of
Greenwich; A the longitude, positive east

of Greenwit¢h; and V 1is the latitude,
positive north of the equatorial plane.
The transformation equations from
the Cartesian coordinate system to the
spherical coordinate system are given by ‘q'
r= (x@ +y2 4+ 22)1/2 (A1)
Sketch (a)

¥ = arc sin % = grec tan (A2)
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A = arc tan % (A3)

Sketch (b) shows the manner in which the horizontal and vertical
components of force and velocity at the point P are found. From the
sketch the following relations are obtained:

Vg = Ve cos 7 (Ak)
r T Ve
T T =V 8in 7 (45)
P VH Fg = T cos(y +9p) - D cos 7 (a6)
D mg
Sketch (b) Fp =T sin(y +ap) - D sin 7 - mg (a7)

The components of force and velocity in
the horizontal plane, and their relation to the
earth axes are shown in sketch (c). With this sketch and with the aid
of sketch (a), the following relations are found:

Vg sin B = (r cos V(A + we) = v (A8)
North
Vy, Fy Vg, P Vg cos B = rf =V (49)
P Fg sin B = Fy (A10)
FoVa
East
Sketch (c) Fg cos B = Fy (A11)

The equations of motion are obtained from the Lagrange equation

(ref. 5).
oT oT
a %%\ _%kE _

In this equation the generalized coordinates corresponding to the spherical
coordinate system are r, A, and V. The generalized force, Q, is obtained
by determining the total work done by all the external forces during a
small displacement of one of the coordinates and then dividing this total
work by the small displacement. In the spherical coordinate system, these

generalized forces are

Qr = Fr (Al3)
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Q) = (r cos V)R (A1k)
Qy = rFy (a15)
The kinetic energy is given by
kg = % v (a16)
vwhere
V2 = #2 + 122 + (r cos ¥)Z(A + we)? (A7)

Substituting (A17) into (Al6), performing the operations indicated
by equation (Al2), and equating the results to equations (Al3) through
(A15) yields the initial form of the equations of motion

ml% - ri® - r(X + we)zcoszw] = Fp (A18)

m 2rty + r2V + rz(i + wg)@sin ¥ cos ¥] = rFy (A19)

mf 2rt cos2y(A + we) - 2r2cos ¥ sin V(A + we) + (r cos ¢)2X] =r co? s
A20

Canceling like terms in equations (A18) through (A20) and rearrang-

ing gives the final form of the equations of motion
ow F 0 .
r :f + [r¥® + (N + we)Zcosy] (A21)

w (Fy/m) - 21y .
7 = __!__;_____E - (N + wg)®sin ¥ cos v (A22)

o (Fx/m) - 2(N + we)(F cos ¥ - r{ sin V)

A
r cos V (a23)
where
F CpA
r w T ., 1
T=_;2—+I-ﬁsj.n(/ +aqr) --é-p—m—Vezsin7 (Aeh)

F C
F‘V = ngl cos(y + ap)cos B - -!2“- P -%A Veacos 7 cos B (A25)



12

FA
=X _1  CDAy 2
—=3 cos(7 + ap)sin B 5 P = Vecos ¥ sin B (A26)
Ve = #2 + r2{2 + r2cos2yA2 : (A27)
1 2
D = 5 PCpAVe (A28)
M
€=3 (A29)

The constants used in the above equations are
u = 1.40775%x10%8 £t3/sec?

we = 7.2921158x107> radians/sec (at the equator)

R

20.926428x10°% ft

The variation of thrust with altitude was taken into account
according to the relation

T =T, + Aj(po - D) (A30)

The amount of fuel required to accelerate the payload to orbital
speed was computed .on the basis of an impulsive injection, which results
in

We = We[l- exp(-aV/goIgp) ] (A31)
where
ar=fB-v (A32)
The useful payload in orbit was then determined from the relation
Wp = (Wy - Wg) - Wr (A33)

The distance from the launch site was obtained from
s = R arc cos[cos(yy - ¥)cos(As - N)] (A34)
The range given by equation (A34) gives the actual distance from the launch

point, that is, it accounts for the movement of the launch point due to the
earth's rotation.
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TABLE TI.- ROCKET VEHICLE CHARACTERISTICS

Stage 1 Stage 2 Stage 3
Gross weight, 1b 789,500 232,000 60,000
‘Fuel weight, 1b 699,000 219,600 We
Payload weight,l 1b —_— _— 53,000 - Wr
Empty weight, 1b 90,500 12,400 7,000
Weight flow, 1b/sec 5,825 1,200 108
Burning time, sec 120 183 _—
Sea-level thrust, 1b | 1,500,000 - -—
Vacuum thrust, 1b - 1,700,000 363,000 45,000
Sea level Isp’ sec 257.5 —_ _—
Vacuum Igp, sec 291.8 302.5 k6.7
Diameter, 4, ft 21.k42 13.33 10.00

lafter applying the impulsive velocity increment required to reach
orbital speed, the weight of the remaining fuel was considered to

represent useful payload in orbit.

PR N .
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Figure 1l.- Effect of vertical rise time and added weight ratio on the
" payload to gross weight ratio.



16

cIx99so00q Lqdws Jo jovdur 9®
PuB nouang 38 33TS YOUNBT 93U} WOIJ SOUBLSTP JI93S00Q UO JWIF SSTJI TBOTIISA JO 1033JH —°Z =amITd

SSTIW 9n3e}s ‘931S Youmel WOIF 2°UBISIJ

02€ 0ge one 002 09T 02T 08 o 0
- . - —0
| 0=q/T__} 0=1/1 ‘ ‘ 0=a/1
0=0p 0= 0=0o
|
02
1
\
\ on
\
\
\
) 09
\
|\
\
\
{8
\
nouang — — — — /
yoeduy ——8M8M ‘ //Looa

awry Buyuanq x93s00q Juadaad €ISTI TBOTIISA



17

*3TQI0 STTW TBOTANBU QOf B JI0J S9T3UB I0303A-1SNIY] patInbal Jo uoTy®BIJIBA -*§ oIty

9-

sasadsp foT8us J0309A-9SNaYL

8- o= 2t H2- 91- 8-
\\\ |
4
A/
y,
7
S \\
L7
0=a/1 0=10 \\ \ \ \\
_—1T— P
\\\\A//\\M” |
BM=-M N\ v
ey T oM-TH
NN mmo.M% | S8T' =gy
e N |
<IN N

02

Oft

09

00T

sw3 Butuang I93s00q jusdaad fasix TBOTFISA

A-522

NASA-Langley, 1961



VSVN

(‘sotueyoaw 3doeds ‘g9p
fsorweuAp Juryouner] ‘pZ
{A13u9 drraydsounyy ‘g
uonNqLIISIp YSVN 1eltug)

£P11-d N.L VSVN 'O
‘r prempyg ‘sutydoy ‘II
‘q uely ‘unay I

UOIBUIYSEM ‘YSYN WO I[qEUIEIqO SIId0)

“)oedwt JE puB JNoUING 131S00q e

93uel pue peotied 1BJIQIO JO SWIII] UL pajuasald age
S3INSaI YL °paJIaPISu0d aJxam ) Juiuang I3)$00q
Jo juadaad Qo1 03 L°91 woua) Surdues sawl) st [edy
-I13A “pajrednysaaul aaam AI0)d3(eq) Juadse ayj Jo uoy
-J0d 3SII [BDI)I3A 3y} UT SuoljerIeA AQ pasned joeduwut
pue nouIng I3)s00q e aduea pue peojled 1e11qI0 9Y)
uo §)93)33 YL }O-1T1 e W31am ss0a3 jo Juadaad gy
03 0 Wox] padued pPaIapisuod JYIram pappe Jo Saniep
*133800( 93e}S8-}8a1) € 03 JY31am JJ3Ul JOo UOTIIPPE Y}
woJa} Bunnsaa }1qI0 IJTW-|BINBU-OOE € I0) peojied
Ut Uo1)INPaIJ 3Y) IUTWIISP O) IpeW Sem SISA|eue uy

(e¥11-Q TLON TVIINHOIL VSVN)

‘06°0$ ‘odtxd SLO  "dLl 1961 J3qusdaqg
‘SumidoH [ piempd pue ulaa] ‘q uely "HILS00d
LANOO0H DUV V A0 AHIAODIY HOJA SNOILL
-YOIJIAON AHOLOArvdL ANV dd1so0d WOodd
ONILTNSTY SNOLLONAAH AVOTAVd TV.LIGHO
‘uonyeasUIpy vvanw pue SO01InNeudlIay jeuoneN

€FP11-d NL VSVN

VSVN

("sowueyoaw aoeds ‘op
‘sorweudp 3uyoune T ‘p2
‘K1 drraydsounyy ‘g
uonNqQLISIP YSYN Teniu])

¢PIT-4 NL VSVN °‘III
‘r prempd ‘suiydoH “II
‘g uely ‘utad 1

uojBujysem ‘ys N WOIJ I|QEUILIQO SIIHO)

*1oedwl JE pue jpousng JI3)s00q e

a3uea pue peojied [}1qI0 JO SuIId) ul pajudsasd ase
S)INSal syl ‘PaJapIsuod 31am awrl) Sutuing I3)800q
Jo adtad gQf 03 4°91 woa) Burduer sawyy aSLI |edN)
-1ap ‘pojednsaaul atam £10303(e) yuadse ayj Jo uoyy
-J0d 3SUI |EDI}IIA 9Y) ul suonerrea Aq pasned joedury
pue jnouing 12)800q je I3uex pue peojied {ejrqro ayy
uo 8303)J3 YL JJO-31 I WBrom s5043 jo JuddIad 8
0) 0 WoJ} paduel paiapisuod JA1am pappe JO Sanep
-191800q 93e}8-)811} B 03 JyB1am ja3ut Jo uonIppe ayy
wioJ} JuyIngas 1qL0 Jj-1ediIneu-gog € 10} peoiied
Uy UOYIONPIT IY) AUTULIIIGP O) Ipew Sem sisf|eue uy

(¥11-Q ALON TVIINHOAL VSVN)

‘0g'0$ ‘@o1ad SLO "diI  "1961 J3quadaqg
‘supydol ' pIeMpd pue ulAa] - uely "HIALSO00d
LANDOH DUV V JO AHIAODIY HO4 SNOILL
-VOIAIGON AHOLDICVHL ANV H31S00d WOHd
ONLLTIASIY SNOILLONAIH AVOTAVd TVLIIHHO
‘uorjeIISIUIIpY oounw pue SO1INBUOIIY 1euon)eN

€P11-d N.L VSVN

VSVYN

( ‘sowseyoaw 20eds ‘9p
‘sotweudp Sutyoune] ‘pg
‘A1)ud drraydsounyy ‘g
[uonNGIIISIP YSYN 1B1IU])

£P11-d NL VSVYN 'II
‘r prempy ‘sutydoy CII
‘g uely ‘utas 1

uojBuIYsEA ‘ YSVN WOJJ 2[qeEUreIqo SIId0)

*1oedw je pue Jpoulnq JI3)$00q Je

aduex pue peojded 1E}QIO JO SULIA) UL patudasatd are
$)INSal ay], ‘'paJIaplsuod alam w1y Juluing 13)500q
Jo Juad1ad gQ1 03 L°91 woua) urBues saw) IS (€I
-19p "pajyedusaaul axom £1030a(ea) JUIDSE Y3 Jo uoy
-J0d 9S1I |BD13a3A 3Y) Ul SuoljerIea £q pasned joedwt
pue jnournq I13)s00q e d8uer pue peojied 11110 3y}
uo §309}3)a3 ayL ‘}O-NII 18 ydtam ss0ud jo juaogad gy
0} ¢ WouI) paduel pas3piSuod WI1am poppe Jo Sanjep
+13)800q 33e}S-1S11) B 0] ydtom j1aul Jo uonppe oy
woulj) BunjInsal J1qJI0 3|TW-{Ed1INEU-00E € 10} peojied
U1 UOT)IONPAT IY) SUTWIIIIP O) IPEW SEM SISA|eUE uy

(e¥11-A JLON TVDIINHOAL VSVN)

‘0¢'0$ ‘@orad SLO  Cdi1 "1961 J9quuadaQ
‘sutidoy ‘[ paempd pue ulad "q uely ‘u3dLlsood
LAND0d ADYV'I V 40 AHIAQDHY HO4 SNOLL
-yOIAIQOW AHOLDArvH.L ANV HJ.LSO0d WOH 4
OHNILTIASIY SNOLLONAAY AVO'TAVd TV .LIGHO
‘uotnjelsuTIpY 9oedg puk SI01NEUCIdY |BuohiEeN
€P11-d NL VSVYN

VSYN

("soweydaw soeds ‘of
tsonweudp 3uyoune] ‘pg
‘A1 drrdydsownyy ‘g
wolINqQLISIp YSYN 1enu))

€VI1-A NL VSVN ‘II
‘£ plempy ‘sutydoy CII
‘g uely ‘utadT ]

UOIBUTYSEM ‘ VEVN WOI] J[qruITIqO S31d0)

*joedwt je pue jnoulng JI3jsooq e

aduea pur peojied 1€31qI0 )0 SWII) Ul pauIsSAd e
S1INSaJ 2yl °pIIIPISUOD I3 dwl] Jutuing 13)800q
Jo Wwadiad g0l 03 L°91 wol} Jurduea saw) ISLL |BON)
-IaA -pareduisaaul aJam £10303(ea) Juadse ay) jJo uony
-J0d 981J [EI11194 3y} ul suoljerrea Aq pasned joedwt
pu® jnousnq I13)s00q Je a8uel put peojfed 1enqIo Y3
uo §)09)30 YL JJo-1| 1€ W31am s5043 Jo JuadIAd g1
0} 0 WwoJa) paduel paaapIsuod Jy3tam pappe JO sanjep
*13)800q a3e}s-1511) € 0) W31am 113Ul JO UOLIppe Yl
woi} Surlin§al QIO aljwi-1ed1Ineu-QQg € 10) peojled
Ul UOT}ONPAL Y} SUTWII}IP O) IpeW Sem Sisijeue uy

(eb11-d ALON TVIINHDEL VSVN)

‘05'0$ ‘901ad SLO AT "T96T 19quuadaq
‘sutydoy ' pIempd pue UIA3d] " UElY "WILSOO0d
LANOOY IDUVT V 4O AHIAODTH HOJ SNOIL
-V¥JOIAIAQONW AHOLODACVHL ANV HALSO0H WOH A
ONILTINSIH SNOILLONAIY AVOTAVd TV.LIHHO
“uoljeI)SIUWIPY adedg pue SO1NBUOIAY |BUOLIEN

€P11-d N.L VSVN




VSVN

(°sotueyodw adeds ‘op
‘sotmeusp Juyoune] ‘pZ
‘{Anua drraydsounyy ‘g
uonNqLIISTPp YSYN 18131U])

€P11-d NL VSVN °lII
‘r prempy ‘sutydoH °II
‘g vely ‘uiael 1

uo)Buiysem ‘ ysYN wodj a[qeuteiqo satdo)

*jordW e puk JNouINq I3)S00q JE
98uea pue peojAed [€)IqI0 JO SWI3) UT pajuasaad ate
$)INSaJ YL °paJapISuOd aIram awl) Juruanq I3)s00q
Jo juadaad Q1 03 491 wod) Jurduea sawr) ISt 18O

-I3A pajesusasul alam Axojosleay yJuaose ayj jo uon
-10d 3S1J 1E21)I9A 3Y) Ul SUOT)RLIBA AQ pasned joedwt
pue jnourng I3jsooq e adued pue peolfed [eynqio ayj

uo S303))3 YL °JJO-3J1] 1€ y31am sS0a3 jo Juadaad g1
0} 0 WOoIj paduet paJapisuod JY3iam pappe Jo sanjep
*13)500q 33e)s-1Sa1) € 03 y31om jaaut Jo uon)ippe ayj
woJ} Juljnsad QIO ITW-1EIINRU-0OL € J0) peojAed
Ul UOT}ONPaJ 3y} SUTW IIIIP O) IpEW Sem SISA|eue uy

(€¥11-d A.LON TVIINHOAL VSVN)

'06°0$ ‘9owd SLO  "dLT 1961 IIquiadaQ
‘sutydoy ‘[ prempd pue uiad] " uely "3dLSOO0H
LANO0Y ADYVT V 40 AHIA0DIY HOA SNOLL
-VOIJIAOW AHOLOArvdl ANV HALSO0d WO A
ONILINSTH SNOLLONAAY dVO'IAVd TV.LIGHO
‘uorjeIISIUIWPY 3dedg pue SI1INBUOIIY jeUOLIEN

€PI1-d NL VSVN

VSVN

(*soweydaw aoedg ‘gy
‘sotwreudp Juryoune] ‘pg
{Anua orraydsownyy ‘g
uonNqLISIP YSYN eniur)

€P11-d NL VSYN I
‘r prempg ‘suiydoy °II
‘g uely ‘utaa] I

uoiBulyseM ‘ VSVN uI0a} 3iqruleiqo satdo)

*jordW! jE pue )nOUINg IINS00Qq e

asuea pue peojfed 1e}1qI0 Jo SUIXa) ul pajuasasd ase
$3INSaI YL °pPAIIPISUOD aIam dwy Juluing I3)500q
Jo juad1ad oQ1 03 £°91 wotj Surduer sawy ISNI (BIN
-313A ‘pojednisasur asam £103d3({ea) WIISE 3y) Jo uoyy
-J0d 3S1I |EI1}I3A 3Yy) ul SUOTjELIEA AQ pasned joeduiy
pue JnouInq 13js00q je dBued pue peolded |e31qIo Ay)
uo §393}J3 YL °JIO-1Y ¥ WBram ss013 Jo Juadrad gy
0} 0 WoJj paduex pasapisuod y3tom pappe jo sanjep
+133800q a3e31s-18.11) € 0} WY31aM 113Ul JO uonIIppe Ay}
w10} BUTIINEaI 1QI0 I|[W-1BILINBU-O0E € 10} peojled
ut UOTJONPIT Y} SUTWIIIP 0) IpEwl SEM sisA|eue uy

(€b11-d TLON TVIINHOIL VSVN)

‘0608 ‘@dtad §10 dLT  "1961 I3quiadag
‘supidoy ‘[ pIempd pue uya’d] "q uely "HILS00d
LAND0Y IOUVT V 40 AHIAQOIY HOA SNOLL
~VOIJIGOWN AHOLOACVHL ANV YILSO0d WOHA
ONILTNSIY SNOILONAIH AVOTAVd TVLIGHO
‘uojRIISTUTWIPY Ouuﬂm pue sO1IRBUCIIdY leuoneN
gVII-d NL VSVN

VSVN

('sotueyoaw aoeds ‘9¢
‘sotwreudp Jutyoune] ‘yz
‘A1ua orraydsounyy ‘g
uoTINGLIISTP VSYN 1B1I1U])

£PI1-d NL VSYN ‘II
p prempg ‘sunydoH °II
‘q uely ‘uta’1 1

UOIBUIYSEM ‘ VEVN WOI) 3|qeuteqo sajdo)

‘Joedwt JB pue jnouanq J13)sooq je
a8uea pue peojded {BIIQIO JO SWI3} Ul pIjuadsatd ase
S)INSaI Yy ‘pIAJIaPISuod alam 3wl 3uruang 13)s00q
Jo juadaad gpf 03 4°9] wouaj 3utdued sawy) ISuL |edy

-Xap "paledrisaaur a1am Arojdaler) uadse ay) jo uony
-10d 9S1J |EO1}113A 3Y) Ul suoljersea Aq pasned joedwut
pu® jnouIng 13JS00q e d3ued pue peolled (ej1qlo Y

uo $393}J2 YL "JJo-1It1 1k wy1om ssoad jo wasrtad gy
C} () WoIj paduel palapisuod Jydiam pappe Jo sanjep
-133500q 33e)s-1S11) B 0) Jy319m 13Ul JO uUoLNIppe IY)
woJd} JunNSat NQIo ITW-[BININBU-OQE B 10} peolded
Ul UO)ONPal Y} JUIWIINBP O) IPEW SEM SISA|RUE UY

(€¥11-a ALON "TVIINHOAL VSVN)

‘06°0$ ‘@o1ad SLO  "dLT T1961 JeqIAQ
‘sutydol ‘f plemp3 pue ulad] "d uely "dILS00d
LIAMOOH IDUVT V JO AYIA0DIY HO4 SNOLL
-VOIJIQOW AMOLDACVHL ANV HALSOOH WOHA
ONILTINSIH SNOLLONAAY dVO1AVd TV.LIGHO
*uorjeI)SIUIWpY ddedg pue SI1INEBUOIIV [BUOLIEN
£F11-d NL VSVN

VSVN

{ ‘sowueyodw aveds ‘gp
‘sotweudp 3uryosuney ‘pz
‘£13ua3 oraydsouny ‘g
UONINQLIISIP VSVN 1Nl

EPIT-A NL VSVYN 'III
f prempd ‘suindoH II
‘g uely ‘utae 1

uolBuIYsEM ‘ VEVN WO0JJ I1qEUTEIQO SITd0)

"joedwy je pue jpouanq J3Nsooq e

38uex pue peojded |B11QI0 JO SULI3) Ul pIjuasaad e
s)nsad ay]l paJaplsuod aram dw1] Jutluing I13)500q
Jo wadaad g0l 03 L°91 woua} 3urduer s3w) IsuL |edn)
-1aA -pajediisaaut axam £10303(el) JUIDSE 3Y) JO UOY)
-J0d 3811 111134 3Y) Uy SUCLIBLIRA AQ pasned joedut
pue jnouanq I3js00q je aduea pue peojied [ejquo ayy
uo $3233)3 YL JJO-3J11 1€ W3ram ss013 Jo uadiad gy
03} ¢ Wwoaj padue paapisuod JyJiam pappe Jo sanjep
*133800q a3e3)S-1611) € 0} WY31am 1I3ul JO uotIppe ay)y
wol) Bunyinsal 1qIo Ijtw-|edlineu-gOg € J0j peojded
Ut UOT)ONPAJ AY) AUTWLIIIAP O) 3peW SBM SISAjeue uy

(e¥11-a ALON TVIINHIIAL VSVN)

'05°0$ ‘@dtud SLO il 1961 J2quadaQg
‘Sutydoy ‘[ paemp3d pue ulad] ‘g uelvV ¥3LS00d
LAMOOH DUV V O AYIAQDTH HOJ SNOLL
-VOIJIGOW AHOLDACVHL ANV HILSO0d WOH 4
ONILTNSAH SNOLLONAIHY AVOTAVd TVLIHHO
.ac:a.—anuﬂﬁbﬂ< wvuﬂw _uﬁd S21)NBUCIIY —a:o:az
eP11-d NL VSVYN




